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© Demodulating apparatus using transversal equalizer and decjsion feedback type equalizer. 



© The demodulating apparatus comprises an IF 
band transversal filter as a forward equalizer, to 
which an IF band modulated signal is inputted, for 
equalizing leading (pre-cursor) component of inter- 
symbol interference; a demodulator for receiving the 
output of the IF band transversal filter to extract a 
baseband signal; a baseband backward decision 
feedback equalizer, to which the output of the 
modulator is inputted, for equalizing lagging (post- 



cursor) component of intersymbol interference; a first 
control signal generating circuit for generating tap 
coefficients of the IF band transversal filter; and a 
second control signal generating circuit for generat- 
ing tap coefficients of the decision feed bat k equal- 
izer. This demodulating apparatus effects sufficient 
equalization even when severe deep selective fading 
occurs. ' 
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The present invention relates to a demodulat- 
ing apparatus used for a digital radio communica- 
tion system, and more particularly to a demodulat- 
ing apparatus using an equalizer which removes 
intersymbol interference. 

In a demodulating apparatus used for a digital 
radio communication system, it is very important to 
remove intersymbol interference interently occur- 
ring on a transmission path or signal processing in 
order to realize a digital communication system in 
practice. Therefore, to this end, a conventional de- 
modulating apparatus includes a transversal equal- 
izer operating in an intermediate frequency (IF) 
band before demodulation or a base band fre- 
quency band after demodulation. 

Fig. 1 shows a block diagram of a prior art 
demodulating apparatus using an IF band transver- 
sal equalizer. This figure comprises the IF band 
transversal equalizer 101 and a demodulator 102. 
In Fig. 1, an incoming IF modulated signal (a QAM 
signal or PSK signal is supplied through an input 
terminal 1 to a transversal filter 51 and a control 
signal generating circuit 52, and undergoes equal- 
ization of intersymbol interference. After this, the 
demodulator 120 reproduces a demodulated data 
signal through detection/discrimination process and 
outputs it to a terminal 2. 

Next will be described the operation of the 
prior art demodulating apparatus shown in Fig. 1. 
First, the IF signal to be inputted is supplied to a 
first delay circuit 11, which gives a delay of T 
seconds (T is the time interval between symbols), 
and a first multiplier 21. The output signal So of the 
first delay circuit 11 is supplied to a second delay 
circuit 12 (T second delay) and a second multiplier 
22. The output of the second delay circuit 12 is 
supplied to a third multiplier 23. Here the multiplier 
21 multiplies the inputted IF signal and a tap coeffi- 
cient C-i supplied from the control signal generat- 
ing circuit 52, and a multiplication output M-1 is 
outputted to an adding circuit 24. Similarly, the 
multipliers 22 and 23 are supplied with tap coeffi- 
cients Co and Ci, respectively, and multiplication 
outputs MO and M1 are outputted to the adding 
circuit 24. The adding circuit 24 adds the output 
signals M-1, MO and M1, and thus delivers an IF 
signal S E ,cleared of intersymbol interference. The 
IF signal S E inputted to the demodulator 102 is 
supplied to a detector 31, and detected on the 
basis of a recovered carrier signal RC from a 
carrier recovery circuit 32 to generate a baseband 
output. This baseband signal, after being cleared of 
an unnecessary harmonic component by a low- 
pass filter 33 and undergoing wave shaping, is 
supplied to an A/D converter 35. Meanwhile, a 
clock signal CLK, recovered by a clock recovery 
circuit 34 on the basis of the baseband signal, is 
supplied to the A/D converter 35. The A/D con- 



verter 35, after sampling and quantizing the 
baseband signal at a sampling frequency f 0 Hz ( = 
1/T), outputs a demodulated data signal to the 
terminal 2. Further, out of the output of the A/D 

s converter 35, a polarity signal D representing the 
polarity of the input baseband signal and an error 
signal E representing the deviation direction of the 
signal from a reference point, are extracted. These 
signals D and E are supplied together with the 

io clock signal CLK to the control signal generating 
signal 52. The control signal generating circuit 52, 
while taking the correlation and time average be- 
tween the error signal E and the polarity signal D, 
generates the tap coefficients C-i, Co and Ci for 

is the multipliers 21, 22 and 23. Algorithm to generate 
these tap coefficients is called the zero forcing 
method. This method is well known and disclosed 
in, for instance, U.S.P. No. 5,173,925 and the In- 
stitute of Electronics and Communication Engi- 

20 neers, ed., "Digital Signal Processing" Chapter 11, 
p.234, published in 1975 Japan. The values of the 
tap coefficients are: if no intersymbol interference 
occurs, the main tap coefficient Co = 1 and other 
tap coefficients, C-i = Ci =0. 

25 However, the prior art demodulating apparatus 

having the transversal type equalizer has the dis- 
advantage that, in the event of the occurrence of 
severe deep selective fading, it is incapable of 
effecting sufficient equalization, i.e., removing inter- 

30 symbol interference because each tap input signal 
is either a receive signal itself or only a delayed 
receive signal and other tap input signals than the 
main tap signal for equalization are already signifi- 
cantly deteriorated by the fading. 

35 It is therefore an object of the present invention 

to provide a demodulating apparatus capable of 
effecting sufficient equalization even when severe 
deep selective fading occurs. 

A demodulating apparatus according to the 

40 present invention comprises an IF band transversal 
filter as a forward equalizer, to which an IF band 
modulated signal is inputted, for equalizing leading 
(pre-cursor) component of intersymbol interference; 
a demodulator for receiving the output of the IF 

45 band transversal filter to extract a baseband signal; 
a baseband backward decision feedback equalizer, 
to which the output of the modulator is inputted, for 
equalizing lagging (post-cursor) component of inter- 
symbol interference; a first control signal generat- 

50 ing circuit for generating tap coefficients of the IF 
band transversal filter; and a second control signal 
generating circuit for generating tap coefficients of 
the decision feedback equalizer. 

Fig. 1 shows a block diagram of a prior art 

55 demodulating apparatus having an IF band tran- 
sversal filter; 

Fig. 2 shows a block diagram of an embodiment 
of the present invention; 
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Fig. 3 shows a circuit diagram of a control signal 
generating circuit for an IF band forward trans- 
versal fitter contained in Fig. 2; and 
Fig. 4 shows a circuit diagram of another control 
signal generating circuit for a decision feedback 
equalizer contained in Rg. 2. 
Referring to Fig. 1, a demodulating apparatus 
according to the present invention comprises an IF 
band transversal filter 61, a demodulator 102 and a 
backward decision feedback equalizer 62. In FIG. 
1 , an IF input signal of a QAM signal or PSK signal 
is inputted through a terminal 1 to a first delay 1 1 
having T second delay time (T seconds is the time 
interval between symbols), and to a first analog 
multiplier 21 . The output signal So of the first delay 
circuit 1 1 is supplied to a second analog multiplier 
22. The IF signal inputted to the first multiplier 21 
is multiplied by a tap coefficient C-i generated by 
a control signal generating circuit 63, and the multi- 
plied result is supplied to an analog adding circuit 
24 as a multiplied result (prior tap output) M-i. 
Similarly, a main tap coefficient Co generated by 
the control signal generating circuit 63 is supplied 
to a multiplier 22, and the multiplied result (main 
tap output) Mo is supplied to the adding circuit 24. 
The adding circuit 24 adds the output signals M-i 
and Mo of the multipliers 21 and 22. So as to 
equalize a pre-cursor component of intersymbol 
interference on the basis of a signal ahead of the 
main signal (forward equalization). The forward 
equalized IF signal s F from the IF band transversal 
filter 61 is outputted to the demodulator 102. In the 
demodulator 102, the IF signal S F is detected on 
the basis of a recovered carrier RC delivered from 
a carrier recovery circuit 32 and, thus, an analog 
baseband output is produced. This analog 
baseband signal, after being cleared of an unnec- 
essary harmonic component and being wave- 
shaped by a low- pass filter 33, is supplied to an 
analog-to-digital (A/D) converter 36. A clock signal 
CLK recovered by a clock recovery circuit 34 is 
inputted to the A/D converter 36. The A/D converter 
36 converts the baseband signal into a digital sig- 
nal Sj at a sampling frequency fc (Hz) (fc = 1/T) 
and outputs it to a decision feedback type back- 
ward equalizer 62. In the decision feedback type 
backward equalizer 62, the digital signal Si is sup- 
plied to a digital adder 43. To the digital adder 43 
is also supplied the output signal of a digital multi- 
plier 42 to equalize a post-cursor component of 
intersymbol interference due to a signal lagging 
behind the main signal, (delayed wave). The equal- 
ized digital signal S EA delivered from the adder 43 
is supplied to a decider 44. If the transmit 
baseband signal is an Nth power of 2, the decider 
44 outputs N bits from the first bit (Most Significnnt 
Bit) to the Nth bit to an output terminal 2 as the 
equalized decision signal S D and supplied to a 



second delay circuit 41.' The delay time of the 
delay circuit 41 is so selected as to make the total 
delay time through the multiplier 42, the adder 43, 
the decider 44 and the delay circuit 41 to be T 
s seconds. If the delay times of the multiplier 42. the 
adder 43 and the decider 44 are sufficiently smaller 
than T seconds, a flip-flop driven by the clock 
signal CLK may be used as the delay circuit 41. 
The output signal of the delay circuit 42 is supplied 

io to the digital multiplier 42, and digitally multiplied 
by a tap coefficient C iA generated by a second 
control signal generating circuit 64. The multiplied 
output digital signal is supplied to the digital adder 
43 to deliver the equalized digital signal SEA. De- 
is scribed above operates as a backward equalizer of 
a decision feedback type. 

Next will be described the control signal gen- 
erating circuits 63 and 64. Out of the output digital 
signal of the adder 43, the first bit signal is applied 

20 as a polarity signal D and the (N + 1)th bit signal is 
applied to an error signal E. These polarity signal D 
and error signal E, together with the clock signal 
CLK, are supplied to the first control signal gen- 
erating circuit 63 and the second control signal 

ss generating circuit 64 to generate the analog tap 
coefficients C-i and Co and the digital tap coeffi- 
cient Cia. respectively. As illustrated in FIG. 3, in 
the control signal generating circuit 63, the error 
signal E is supplied to a flip-flop 71 to generate an 

30 error signal Ei delayed by one bit, which is sup- 
plied to another exclusive OR circuit 73, and an 
exclusive OR circuit 72. On the other hand, the 
polarity signal D is supplied to the exclusive OR 
circuits 72 and 73. The outputs of the exclusive OR 

35 circuits 72 and 73 are respectively supplied to 
integrating circuits 74 and 75 for undergoing time 
averaging. Thus, the integrating circuits 74 and 75 
deliver the analog tap coefficients Co and C-i . As 
illustrated in FIG. 4, in the control signal generating 

40 circuit 64, the polarity signal D is delayed by one 
bit by a flip-flop 81 and, after this, supplied to- 
gether with the error signal E to an exclusive OR 
circuit 82. The output of the exclusive OR circuit 82 
is representative of correlation between the polarity 

45 signal D and the error signal E, and supplied to an 
up-down counter 83. The counter 83 has function 
of time-averaging, and generates a tap coefficient 
C 1A consisting of an M-bit digital signal sequence. 
Here, the number of bits M representing the quan- 

50 tizing accuracy of tap coefficients is set sufficiently 
large to neglect arithmetic operation error to affect 
the equalization output. The method to generate 
these tap coefficients is well known as the zero 
forcing (ZF) algorithm. 

55 The demodulating apparatus having the above- 

described configuration is significantly superior in 
equalizing capability to any conventional transver- 
sal type equalizer because, by using the signal SD 
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resulting from a decision on the equalized signal as 
the tap input to the backward decision feedback 
equalizer 62 for equalizing delayed waves, inter- 
symbol interference based on a successive de- 
layed wave is eliminated by an equalized signal, 
even if severe deep selective, fading arises. Fur- 
thermore, while the application of baseband trans- 
versal filters to an orthogonal modulation system 
results in an orthogonal two-dimensional configura- 
tion and requires altogether four transversal filters, 
two transversal fitters suffice in the case of the IF 
type, and the present invention according to which 
IF type forward filters are used, including the IF 
type forward transversal filter, provides a simple 
configuration than a baseband totally digital de- 
cision feedback equalizer in which all the taps are 
composed in the baseband. 

As hitherto described, since the present inven- 
tion provides the configuration in which the forward 
equalizer is composed of the IF band transversal 
filter and the backward equalizer is composed of 
baseband decision feedback type backward equal- 
izer, there is the effects of affording a superior 
equalizing performance against fading distortion 
and simplifying the configuration compared with a 
configuration in which a baseband decision feed- 
back equalizer is also applied to a forward equal- 
izer. 

Claims 

1. A demodulating apparatus for demodulating a 
modulated signal converted in an intermediate 
frequency band, comprising: 

transversal filter means receiving said 
modulated signal for equalizing a leading com- 
ponent of intersymbol interference in an inter- 
mediate frequency band to deliver a forward 
equalized modulated signal; 

detecting means for detecting said 
forward-equalized modulated signal for produc- 
ing a baseband signal; 

converter means for converting said 
baseband signal into a digitized baseband sig- 
nal; and 

decision feedback type equalizer for back- 
ward equalizing an lagging component of said 
digitized based band signal to deliver an 
equalized demodulated baseband signal. 

2. A demodulating apparatus as claimed in claim 
1, wherein said decision feedback type equal- 
izer includes: 

adder for adding said digitized baseband 
signal and a second digitized signal to deliver 
an added digitized signal; 

decider receiving said added digitized sig- 
nal for delivering most significant bits in said 



added digital signal as said equalized demodu- 
lated baseband signal; 

delay means for delaying said equalized 
demodulated baseband signal by a predeter- 

5 mined delay time to deliver a delayed-digitized 

demodulated baseband signal; and 

multiplier for multiplying said delayed- 
digitized demodulated baseband signal by a 
coefficient to deliver said second digitized sig- 

70 nal. 

3. A demodulating apparatus as claimed in claim 
2, further comprising coefficient generating 
means for generating said coefficient in re- 
75 sponse to the most significant bit and the less 

significant bit in said added digitized signal 
delivered from said adder. 
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